MIL-STD-889R
NOTICE 1

21 November 1979

MILITARY STANDARD

DISSIMILAR METALS

TO ALL HOLDERS OF MIL-STD-889B:

1 THE FOLLOWING PAGES OF MIL-STD-889B HAVE BEEN REVISED AND
SUPERSEDE THE PAGES LISTED:
NEW PAGE DATE SUPERSEDED PAGE DATE

i 7 July 1976 (REPRINT WITHOUT CHANGE) 7 July
2 21 November 1979 2 7 July
3 Zl nvveulbt:l. 1979 3 7 July
4 7 July 1976 (REPRINT WITHOUT CHANGE) 7 July
5 21 November 1979 5 7 July
6 21 November 1979 6 7 July

2. RETAIN THIS NOTICE AND INSERT BEFORE TABLE OF CONTENTS.
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SUPERSEDING
MIL-STD-889A
22 September 1969

1. SCOPE.
1.1 Purposg This standard defines and classifies dissimilar metal
and establishes requirements for protecting coupled dissimilar metal
with attention directed to the anodic member of the couple, against
corrosion.
1.1.1 Applicability. This standard is applicable to all military
eguinment narts. comnonents and assemhliesg

e el uhtatadd == FOTTERp ST Is S B LS a A uo .
2. REFERENCED DOCUMENTS
2.1 Issues of documents. The following d ents of the 1issue 1in
effect on date of invitation for bids or request for proposal, form
a part of this standard to the extent specified herein.
SPECIFICATIONS

MILITARY

MIL-S-8802 Sealing Compound, Temperature-Resistant,
Integral Fuel Tanks and Fuel Cell
Cavities, High Adhesion

{Copies of specifications, standards, drawings, and publications
required by contracters in cennection with specific procurenent
functions should be obtained from the procuring activity or as

directed by the contracting officer.)
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3.1 Dissimilar metals. This standard terms metals dissimilar wlen two
metal specimens are in contact or otherwise electrically connected to
each other in a conductive solution and generuste an electric curient.

3.2 Galvanic corrosion. Galvanic corrosion manifests itself in the
accelerated corrosion caused to the more active metal (anode) of a

dissimilar metal couple in an electrolyte solittion or medium, anc
decretased corrosive effects on the less active metal (cathode), :¢s

compared to the corrosion of the individual metals, when not conrected,
in the same electrolyte nv1r0nmtnt.

3.3 Galvanic series. A galvanic series is a listing of metals :nd
alloys based on their order and tendency to ccrrode independently, in a
particular clectrolyte solution or other environment. This tendcnuy
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for dissolution or corrosion is related to potential of
the metal in cenductive medium. Galvanic ¢ : erently
affected by the relative position of the galvinic series of the netals

constituting the couple. Metals closely positioned in the series will
have electrical potentials nearer one another, whereas with greater
divergence in postlon, greater differences ir. potential will prevail.

n ot the anode will in the former

GCalvanioe of(ur\fc | COrro
carro tne wlll 1n inhne Iorme:

GaivalilC €Iriccis i.€., 3810
condition be mlnlmul, the tatter condition will exhibit more signifi-
cant corrosive effects. A galvanic series for corrosion structural
metals, for sea water, 1s shown in Table II. Table I shall be u:ted as
a guide in determining the rclative compatibility of dissimilar metal
combinations. Compatibility does not indicate a complete freedom from
galvanic action

gaivahic 1e

4. GENERAL STATEMENTS. (Not Applicable)

5. DETAILED REQUIREMENTS.

5.1 Minimizinpg dissimilar metal corrusion.

When dissimilar metals are used in intimate contact, suituble
tion against Ealvanlc corrusion shall be applied. In some
o
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corrosion may be appreciable. Consequently, care should be taken to
protect the anodic member by prouper eleLLrlca] insulation of the joint

or by excluding the electrolyte if this is feasible.
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5.1. able II list metals in the order of eir relative activity in
sea water environment. The list begins with the more active (anodic)
metal and procedes down to the least active (cathodic) metal of the
galvanic series. A 'galvanic series' applies to a particular
electrolyte solution; hence for each specific solution which is
expected to be encountered for actual use, a different order or series
will ensue. Galvanic series relationships are useful as a guide for
selecting metals to be joined, will help the selection of metals having

minimal tendency to interact galvanlcally, or will indicate the need
or degree of protection to be applied to lessen the expected potential
1nteract10ns. Generally the closer one metal 1s to another in the

the greater 11 be the effect In
higher in tne series represents the anode, and
ally in the environment.

5.1.3 P in the galvani e
if they are to be joined. Appropriate measures should be taken to avo
contact. This can be accomplished by applying to the cathodic member a
sacrificial metal coating having a potential similar to or near that of
the anodic member; by sealing to insure that the faying surfaces are

a
re

id

5 naintin coating all cunfaces
ter-tight; by painting or coating all surfaces to increase the
S1

istance of electrical circuit.

5.1.4 A small anodic area relative to the cathodic area should be
avoided. The same metal or more noble (cathodic) metals should be
utilized for small fasteners, and bolts. The larger is the relative
anode area, the lower the galvanic current density on the anode, the
lesser the attack. The galvanic corrosion effect may be considered as

inverse to the anode-cathode area ratio.

5.1.5 Metals exposed to sea water environments shall be corrosion and
stress—corrosion resistant or shall be processed to resist corrosion
and stress-corrosion. Irrespective of the metals involved, all exposed
edges should be sealed with a suitable sealant material conforming to
MIL-S-8802. When non-compatible materials are joined, an interposing
material compatible with each shall be used.

5.1.6 Materials other than true metals, i.e., non- e_alllc t 1
which must be joined to metals, should be conside d as meta 11 ate-
rials, unless there is supporting evidence to the contrary. If these
materials are essentially free of corrosive agents (salts), tree of

Supersedes page 3 of 7 July 1976.
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TABLE II. Galvanic series of selected metals in seawatgr

PER: Army Missile Cummand Report RS-TR-67-11, Practical

Galvanic Series.
Active (Anodic)

Magnesium {(Mg)

Mg ALloy AZ-31B
MG Allny HE _T1A
Zinc¢ (hut-dip, die cast or
Beryllium (hnt pressed)
Aluminum (Al) 7072 c¢l. on 707S
Al alloy 2014-T3

Al alloy 1160=-iii4

Al alloy 7079-Ts

Cadmium (plated)

Uranium

Al allouy 2
Al alloy 5
Al ai10y 5
Al allov Sa5
Al alloy S052-H32
Al alloy 1100-0
Al alloy 3003-H25
Al alloy 6061-T8

s Sir peemess )
Al alluy A360 {(die casu)

Al alloy 7073-Ts
Al alloy 1160-i114
Al alloy 6061-0
Indium

Al 41'.1'.u_y 20

Al allav
e J

2
Al alloy 30
Tin (plated)

Stainless stcel 430 (active)
i.ead

Steel 1010

Iron, cast

Stainless steel 410 (uctive)
Copper (plated, cast or wrougnt)

Nickel (plated)
Chromium (plated)
Tantalum

AM350 (active)

Stainiess steel 310 {(active)
Stainless steel 301 {active)
Stainless steel 304 (active)

Stainless steel 430 (passive)
Stainless steel 410 (passive)
Stainless steel 17-7 PH (active)
Tungsteﬁ

Niobium (Culumbium
Brass, ycllow, 268
Uranium 8% Mo.
Brass, Naval, 464
Yeilow brass

Muntz metal 230
Brass (plated)
Nickel-silver (18% Ni) 4
Statinless steel 316L (active)
Brounze 220

Copper 110

Hed brass

Stainless steel 347 (active)
Molybdenum, Comm pure
Copper-Nickel 715

Admiruity brass

) 1% 7w
] aie &T

< N 1 Y2 %) Y P S Y
JLdAllLLDQ OLC‘-L (4 r4 \4‘.L.LV=I
Rrunze, Phosphor 534 (B-1)
Monel 400

Stainless steel 201 (active)
Carpenter 20 (active)
Staliniess steel 321 {active)

x ! -3 \
Srtainless steel 315 {active)

Stainless steel 309 (passive)
Stalnless steel 17-7 PH (passive)
Silicone Brounze 855
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Stainless stael 304 (passive)
Stainless steel 301 (passive)
Stainless steel 321 (passive)
Stainless steel 201 (passive)
Stainless steel 286 {(active)
Stainless steel 2

AM355 (active)

Stainless steel 202 (passive)
Carpenter 20 (passive)

Titanium %A1, 2.5 Sn,

Titanium 13V, 11Cr. 3Al. (annealed)

Titanium 6Al, 4V (solution treated and aged)
Titanium 6Al, 4V (annealed) i
Titanium 8§ Mn

Titanium 13V, 1:Cr 3Al (solution treated and aged)
Titanum 7SA

AM3ISQ (passive)

Silver

Gold

Grapnite

Noble (Less Active-Cathadig)

Supersedes page 6 of 7 July 1976

s



